Essential oil compositions of Nepeta glomerulosa Boiss. subsp. glomerulosa and N. glomerulosa subsp. stapfiana (Bornm. ex Rech. f.) Rech. f., each gathered from two different locations, have been investigated by GC and GC/MS. 1,8-Cineole was the major compound in the oils of both collections of subspecies glomerulosa (27.4%, 30.6%), and was also a major constituent of subspecies stapfiana (14.9%, 17.8%). However, caryophyllene oxide was the predominant compound for both oils of subspecies stapfiana (32.0%, 24.1%). From the chemotaxonomic point of view, the two members of each subspecies comprised a separate group with a considerable distance from the other two, and the morphological differences of these two subspecies were well reflected in their essential oil compositions.
Nepeta is one of the largest genera of the family Lamiaceae, with approximately 300 species, which are distributed only in the Old World. Iran, with 78 species of Nepeta, is one of the two main centers of endemism of this genus [1] , which is a rich source of volatile constituents, and several Nepeta species are used in Persian folk medicine for treatment of various illnesses, especially gastrointestinal disorders [2] . N. glomerulosa Boiss. is an endemic species that is traditionally used for the treatment of pneumonia, itching and skin disorders [3] . It has 3 subspecies, namely N. glomerulosa subsp. glomerulosa, N. glomerulosa subsp. carmanica (Bornm.) Rech. f. and N. glomerulosa subsp. stapfiana (Bornm. ex Rech. f.) Rech. f., which are easily distinguishable on the basis of calyx and bract length. Subsp. glomerulosa is the most widespread subspecies and can be found in mountainous regions of north, northeast, south and center of Iran. Subsp. stapfiana is confined to the western parts and subsp. carmanica can only be found in the eastern parts of south and central Iran, with no co-occurrence [4] .
In this article, the chemical compositions of N. glomerulosa subsp. glomerulosa and N. glomerulosa subsp. stapfiana oil samples are reported and the importance of chemotaxonomic findings is discussed. Data on localities, dates and collecting numbers of the plants are given in Table 1 . The oils were obtained by hydrodistillation using a Clevenger-type apparatus. The oils were analyzed by GC and GC-MS using a HP-5 column. Data on the oil composition of the 4 studied taxa are presented in Table 2 .
According to Table 2 , 1,8-cineole was the major compound in both oil samples of the glomerulosa subspecies, and constituted about one third of the total oil in both. It also composed about one sixth of the two stapfiana subspecies oil samples. However, the major component of the two stapfiana subspecies oils was caryophyllene oxide, which constituted about one third of the total oil of both samples.
In a previous work on N. glomerulosa subsp. carmanica [5] , 1,8-cineole was the second major constituent (13.9%), but in another work by Sefidkon et al. [6] , in which the subspecies was not specified, the amount was low (1.2%) and caryophyllene oxide was the fourth major compound (8%). In both previous works, α-pinene was the first major constituent; this was also a major compound in the oil of both glomerulosa subspecies samples used in our work. Limonene, which was the third major component in the oil of both previous works, was not detected in any of the oils used in the present work.
Nepetalactone isomers, which are major compounds of the oil of many Nepeta species [7] [8] [9] [10] had not been detected in the oils of the two previous works on N. glomerulosa, but in the oils reported here, the presence of a trace amount of 4aα,7α,7aβnepetalactone was confirmed. Despite the negligible presence of this compound, the detection of one nepetalactone isomer in the oil of these samples showed that the absence of these structures in the oil of previous samples was not fundamental and N. glomerulosa has the potential for nepetalactone production. However, its trace amount in N. glomerulosa oil and either its small quantity or absence [11] [12] [13] in several other Nepeta species in comparison to its presence as a major component in the oil of many other Nepeta species may be useful for chemical classification. However, for relating chemical and morphological characters further investigations are needed.
In an ITS sequence analysis, N. glomerulosa and two other Nepeta species comprised a group with considerable distance from the other studied Nepeta species and they were recognized as clade I of two clades [14] . N. glomerulosa belongs to the Spartonepeta section, which in Iran is comprised of 5 species [4] ; the only other member of this section that has undergone oil investigation was the Himalayan N. juncea [15] . Nepetalactone comprised 71.8% of this oil, which disagrees with the generalization of limited production of nepetalactone in the members of this section. Rechecking the identity of the herbarium specimen of the investigated sample may be useful.
Further investigation of other members of Spartonepeta section and studying the effects of season, locality, stage of growth and environmental factors on the essential oil composition, especially nepetalactone content as a characteristic constituent of the Nepeta genus, and studying the possible relationship between its presence or absence and morphological characters are recommended.
The phenogram of cluster analysis is shown in Figure  1 . In this, each two members of one subspecies comprise a separate group with considerable distance from the other two. Morphological differences of these two subspecies are well reflected in their essential oil compositions and they can be confidently separated on the basis of volatile oil contents.
Experimental
Plant material and isolation of the oil: Two samples of each subspecies, all of which were at the full flowering stage, were collected from different localities, but all from Fars province in Iran (Table 1) . Voucher specimens were deposited in the Herbarium of Shiraz University, Department of Botany. The aerial parts of species were air-dried. The oil was obtained by hydrodistillation using a Clevenger-type apparatus for 4 h. The color of all samples was yellow. The yields, the number of identified compounds and the composition of each oil sample are shown in Table 2 .
Identification of the oil components:
GC analysis was carried out using a Varian GC 3600 chromatograph with a DB-5 column (30m × 0.25 mm; 0.25 µm film thicknesses). The oven temperature was increased from 60º to 240ºC at 3ºC/min, the injector and detector temperatures were 240ºC and 250ºC, respectively. Quantitative data were obtained from electronic integration of peak areas without the use of correction factors.
GC/MS analysis was carried out using a Hewlett-Packard 6890 machine operating at 70 eV ionization energy, equipped with a HP-5 capillary column (phenyl methyl siloxane, 30m × 0.25 mm; 0.25 µm film thickness) with He as the carrier gas and a split ratio of 1:20. Retention indices were determined by using the retention times of n-alkanes, which were Subsp.stapfiana (2) Subsp.stapfiana (1) Subsp. glumerulosa (1) Subsp. glumerulosa (2) coefficient injected under the same chromatographic conditions. The retention indices for all the components were determined according to the Van Den Dool method using n-alkanes as the standard [16] .
The compounds were identified by comparison of retention indices (RRI, HP-5) with those reported in the literature and by comparison of their mass spectra with either the Wiley and Mass finder 3 libraries or with published mass spectra [17, 18] .
Cluster analysis of essential oils: Four taxa were treated as OTUs (operational taxonomic units); the percentage of each compound in the total oil was used as a quantitative taxonomic character. The average taxonomic distance between each OUT-pair was calculated, and the resulting distance matrix was used in a UPGMA (unweighted pair-group method using arithmetic averages) cluster analysis [19] . The numerical taxonomic analysis was performed by using NTSYS-pc (version 2.02k) software.
